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FIG. 2 Prior Art
(Dual Layer, Single Side: DVD-9)
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FIG. 3 Prior Art

(Dual Layer, Single Side: DVD-9)
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DVD DISC WITH FOUR INFORMATION
LAYERS, AND METHOD FOR MAKING
SAME

This application claims the benefit of United States
provisional application No. 60/126,349, filed Mar. 26, 1999.

BACKGROUND OF THE INVENTION

This invention relates to optical discs, and more particu-
larly to double-sided, 3-layer and 4-layer optical discs, such
as DVD-14 and DVD-18 discs, and methods for making
them.

Very high capacity optical discs have two information
layers that can be read with the same laser beam. The read
head focuses the beam on a selected one of the two infor-
mation layers. Each information layer is a reflective coating
that modulates and reflects the laser beam. The information
layer closest to the side of the disc where the read head is
positioned has a semireflective coating. When the laser beam
is focused on this layer, sufficient light is reflected to allow
the data on this layer to be read. The information layer that
is remote from the side of the disc where the read head is
positioned has a fully reflective coating. When the laser
beam is focused on this layer, light that passes through the
semireflective layer is modulated by the fully reflective layer
and passes once again through the semireflective layer.

Single-layer DVD discs are made using the same type of
equipment that has been used for many years in the manu-
facture of CDs. A substrate is injection molded to have an
information layer in the form of pits and lands. The infor-
mation layer is then sputtered with a fully reflective alumi-
num coating, and a protective coating may be applied on top
of the sputtered surface. Because a DVD disc made this way
has only half the thickness of a CD yet the finished DVD
must be as thick as a CD, two DVD discs are bonded
together to make a finished DVD. If the DVD is to have only
a single information layer, then the second disc may be a
blank. If the DVD is to have two information layers, two
single-layer discs may be bonded together. (If reading is to
take place from only one side, one of the reflective layers
must be semireflective; if reading is to take place from both
sides, then both reflective layers should be fully reflective.)
But as long as no more than two information layers are
required for a DVD, standard CD production techniques can
be used to make each disc.

The problem is that standard CD production techniques
are not adequate for manufacturing dual-layer optical discs
that have three or more reflective coatings. The substrate and
one semireflective coating can be made in the usual way—
injection molding followed by sputtering (using gold to
obtain a semireflective coating rather than aluminum as in
the case of a CD where a fully reflective coating is needed).
But the injection molding equipment used in CD production
facilities can not be used to mold the additional pit-and-land
structure required for a second information layer. Therefore,
what has been proposed in the prior art is to coat the
semireflective coating with a viscous resin and to stamp the
second information layer in it (followed by conventional
sputtering and application of a conformal coating).
However, the companies presently in the CD production
business do not generally have stamping equipment that is
adequate for this purpose, and therefore new assembly lines
have been proposed for producing dual-layer DVD discs.

Before proceeding, it is necessary to define certain terms
as they are used herein. The word “disc” has different
meanings depending on the context. It can refer to a disc-like
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substrate structure that makes up part of a DVD, or it can
refer to the entire DVD itself. Also, the word substrate refers
to an injection-molded plastic disc, while the term substrate
structure refers to the same disc together with whatever
coatings (sputtered, etc.) may be on it.

It is also important to understand what is meant herein by
the terms stamping and stamper. Injection molding is a
technique in which liquid plastic is injected into an enclosed
volume (a mold). Stamping is a technique in which a press
is caused to move against a solid sheet or a viscous layer of
material to impress a pattern in it, the operation usually not
taking place in an enclosed space. In the days of vinyl
records, which records were made by stamping machines,
the pattern in the press that was impressed into a flattened
vinyl “biscuit” was naturally called a stamper. Since injec-
tion molds also require a pattern to impress into the injected
plastic, and the pattern for a CD is made in a way reminis-
cent of the way vinyl record stampers were made, it was
natural for the CD industry to call the pattern placed in a
mold a “stamper” even though it is not used in a stamping
machine. Thus as used herein the operation called stamping
involves a press which moves, usually in open space, to
embosses a pattern into a viscous material, and the word
stamper refers to such a pattern whether it is used in
stamping equipment or injection molding equipment.

It is a general object of my invention to provide a method
for making 3-layer and 4-layer DVD and other optical discs
using injection molding equipment that does not also require
the use of stamping equipment.

It is another object of my invention to provide a method
for making 3-layer and 4-layer DVD and other optical discs
using primarily the equipment presently found on the assem-
bly lines of CD and DVD manufacturers.

It is still another object of my invention to provide 3-layer
and 4-layer DVD and other optical discs made by using
primarily the equipment presently found on the assembly
lines of CD and DVD manufacturers.

SUMMARY OF THE INVENTION

The method of the invention, for making a DVD disc
using primarily just injection molding equipment, entails
making three substrates. Each of two of the substrates has
just one metallic information layer, with the opposite side
being flat. The third substrate has two metallic information
layers on its opposite sides. All three substrates are made in
the usual way—with injection molding and sputtering
equipment. The three substrates are arranged in a sandwich
configuration, with the substrate having two information
layers being in the middle. Each of the outer substrates has
a semireflective (gold) information layer that faces inwardly
of the sandwich. The middle substrate has two fully reflec-
tive (aluminum) information layers. A very thin layer of glue
is placed between the semireflective information layer on
each of the outer substrates and one of the fully reflective
information layers on the middle substrate. In this way, a
4-layer disc is formed without requiring additional stamping
equipment, and with all four metallic layers having been
sputtered onto molded substrates. (In the event only three
information layers are required, one of the outer “informa-
tion” layers may be flat, i.e., it may have no pits in it. In this
description, it is to be understood that, depending on the
context, one of the “information” layers may actually con-
vey no information.)

Because the middle substrate with the two fully reflective
metallic layers does not pass light, it can be made of cheaper
polymethyl methacrylate (PMMA) material rather than the
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polycarbonate of the outer substrates. Or it can be made of
recycled polycarbonate. In fact, any material that can be
molded with the proper stable dimensions can be used.

The nominal thickness of a DVD disc is 1.2 mm. Because
the disc of my invention is a sandwich of three molded
substrates and there are certain minimum thickness require-
ments for the substrates as will be explained below, the final
sandwich thickness is 1.5 mm. This is the upper limit for the
thickness of a DVD disc so the DVD specifications are still
satisfied.

BRIEF DESCRIPTION OF THE DRAWINGS

It being understood that none of the drawings is to scale
(as some of the dimensions are in microns, as is well
understood in the art),

FIG. 1 depicts the standard steps in making a prior art
Single-Layer, Single-Side DVD-5 disc;

FIG. 2 depicts a prior art Dual-Layer, Single-Side DVD-9
disc which is basically two 0.6-mm discs bonded together,
each made in accordance with the steps depicted in FIG. 1;

FIG. 3 depicts the standard steps used in the 2P process
for making a prior art Dual-Layer, Single-Side DVD-9 disc;

FIG. 4 depicts a prior art Dual-Layer, Dual-Side DVD-18
disc made by bonding together two Dual-Layer, Single-Side
0.6-mm discs; and

FIG. § depicts a Dual-Side DVD-18 disc of my invention.
THE PRIOR ART

The manufacture of a DVD optical disc is very similar to
that of a CD optical disc. Although more care must be taken
to properly replicate the tinier pits in thinner substrates, and
two substrates must be bonded together, most of the pro-
duction process is the same as that for a CD. In fact, as will
become apparent, it is precisely because it is desired that the
same type of equipment be useable in the manufacture of
both products that the need for the present invention exists
in the first place.

The standard (prior art) DVD manufacturing process,
which is basically the CD manufacturing process, is shown
schematically in FIG. 1. What is depicted here are the steps
in making the simplest type of DVD disc, one that is read
from only a single side (“Single Side”) and that has only a
single information layer (“Single Layer”) that can be read
from that side. The disc is referred to as DVD-5 because the
bit capacity is between 4 and 5 gigabytes. Manufacture
begins with “mastering”—creation of metal “stampers” that
will ultimately be used in replication. The first step in this
process, shown in FIG. 1, is to use a laser beam 6 from a
laser beam recorder machine to expose a photoresist 4 that
is deposited on a glass master 2. The photoresist is then
etched with developer solution 8 in order to form pits in the
photoresist.

In the third step, the etched photoresist (with the required
pit-and-land pattern) is metalized with nickel sputtering,
shown by the numeral 10. The glass substrate with its
metalized surface is then used in an electrochemical plating
process (“electroforming”) to create a “father” or “stamper”
14. (In many applications, the father is used to create
“mother” discs, which can then be used to create multiple
stampers.) The stamper, usually made of nickel, contains a
mirror image of the pits that are to be created on the final
discs. In the molding process, liquid plastic 18 (usually
polycarbonate) is injected into a mold 16 in which the
stamper is held. The raised bumps on the stamper are pressed
into the liquid plastic during the injection molding process
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to create pits. The molded disc 18 is then metalized with
aluminum sputtering, shown by the numeral 20, and the
resulting aluminum layer 22 represents the information
contained on the disc.

A molded CD has a thickness of 1.2 mm, and a DVD is
to have the same thickness. But the molded DVD substrate
has a thickness of only 0.6 mm. For this reason, the substrate
structure is coated with a polymer resin 24, and a blank
0.6-mm thick disc 26 is bonded to it. In the last step, a roller
28 or some other mechanism prints the DVD label on the
disc 26.

It is important to appreciate that while the element 14 is
called a “stamper,” it is used in an injection molding process.
Injection molding is at the heart of disc manufacture, and
injection molding involves use of a closed cavity into which
liquid plastic is injected, the cavity imparting its form to the
plastic after it cools and hardens.

The DVD of FIG. 2 is referred to as a Dual Layer, Single
Side disc because it has two information layers that can be
read from one side (the side at the bottom with the stylized
triangular-shaped laser beam). Every DVD is composed of
two bonded plastic substrates. Each substrate with data can
contain one or two layers of data. The first layer, called layer
0, is closest to the side of the disc from which the data is
read. The second layer, called layer 1, is farthest from the
readout surface. A disc is read from the bottom, so layer 0
is below layer 1. The layers are spaced very close together—
the distance between layers is less than one-tenth of the
thickness of the substrate (less than one-twentieth of the
thickness of the overall DVD).

In the case of a single layer, the information surface is
covered with a thin reflective layer of aluminum by a
sputtering process. This creates a metallic coating between
35 and 55 nanometers thick. For two layers, the laser must
be able to reflect from the first layer when reading it, but also
focus through it when reading the second layer. Therefore,
the first layer is only semireflective, while the second layer
is fully reflective (a relative term since even the fully
reflective layer is only about 70% reflective).

The various layers of the disc of FIG. 2 are self-
explanatory, but there are two points that should be under-
stood. The first is that while the capacity of the single layer
disc of FIG. 1 is 4.7 gigabytes, the capacity of the disc of
FIG. 2, even though it has two information layers, is only 8.5
gigabytes, less than twice the capacity of the single-layer
disc. The reason for this is that the readout beam must pass
through the outer layer to get to the inner layer, a distance
of about 20 to 70 microns, and this gives rise to inter-layer
crosstalk. To reduce the crosstalk, the minimum pit length of
both layers is increased from 0.4 um to 0.44 um and there are
slightly fewer tracks per inch, thus reducing the overall
capacity somewhat.

The second point is that the prior art DVD of FIG. 2 has
each of its information layers in a different 0.6-mm thick
disc. Each “half DVD” is molded in the same kind of
injection molding machine that has been used for many
years in making CDs. Two discs are made in a conventional
manner, with the major difference from the CD production
process simply being that one of the reflective coatings has
less metal (typically, gold) sputtered onto it so that it is only
semireflective. The final DVD is produced simply by gluing
what are basically two thin (higher capacity) CDs to each
other. (The adhesive space layer serves to bond the two discs
to each other, and also to provide a 55-micron separation that
should be present for proper focusing.)

The Dual layer, Single Side DVD-9 disc of FIG. 2, with
one layer in each of the two substrates, is based on the design
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of Matsushita. But there is another way to make a DVD-9
disc, using the 2P process proposed by 3M. Instead of
forming one layer in each substrate, the 2P process gives rise
to a single 0.6-mm substrate structure with two internal
information layers; in this case, the second substrate, nec-
essary to give rise to a 1.2-mm thick finished product, is a
total blank. The 2P process requires a stamping operation
that can not take place in an enclosed mold, in addition to an
injection molding operation, as will be described in detail
below. Because CD manufacturing companies, the “natural”
manufacturers for DVDs, have not used the required stamp-
ing equipment for making CDs, there is no known way to
migrate easily to the making of dual-layer DVD discs
without a major capital investment in equipment.

It should be appreciated that the real problem is not in
making DVD-9 discs. The 3M-type 2P process that requires
a stamping operation in “open” space is not necessary for
making DVD-9 discs since conventional injection molding
equipment by itself, using the Matsushita process, is suffi-
cient for making DVD-9 discs (see FIG. 2). The real
problem is in making 1.2 mm thick DVD-14 and DVD-18
discs. A prior art DVD-14 disc has two substrates, one a
single layer and the other a dual layer. Because the single-
layer substrate has a reflective layer that is read from its own
side of the overall disc, the two information layers for the
dual-layer disc that are read from the other side must both be
in the same substrate. This means that a process similar to
the 2P process must be used because the second layer for the
DVD-9 side of the overall disc can no longer come from the
other substrate—the second layer must be internal to the
dual-layer substrate structure. Similarly, a DVD-18 disc
(Dual Layer, Dual Side) requires two layers in each
substrate, for a total of four. Thus, there is no known way to
avoid using some form of stamping process, along the lines
of those proposed by 3M, for high capacity DVDs.

To understand how the 3M process for making a dual-
layer disc requires an open-space stamping operation, ref-
erence may be made to FIG. 3 which depicts the steps in
making a simple Dual Layer, Single Side DVD-9 disc. The
basic idea is to form one layer on a substrate, and to then add
a second layer to the same substrate using a photopolymer
(2P) material that is stamped.

In the first step, a substrate 40 with an information layer
is injection molded in the usual way. Then gold is sputtered
onto the information layer, as shown by the numeral 42, to
form a semireflective layer 42a. This layer is covered with
viscous, transparent, UV-resin material 44, and stamping
equipment 46 (whose undersurface 46a in FIG. 3 has the
pit-and-land pattern required of the second information
layer) forms the inner-layer pattern in the surface 44a of the
viscous material. While the stamper is in place, ultra-violet
light is directed from the underside of the substrate, up
through the semireflective layer 42a, to the resin in order to
harden it. This stamping operation can not take place in an
enclosed mold for the obvious reason that the mold itself
would block the UV light from entering, and the resin would
not harden in a reasonable time, if at all. (Also, injection
molding equipment is operated at very high temperatures,
and the 2P process must take place at room temperature.)

After the inner information layer has hardened, a conven-
tional sputtering step, shown by the numeral 50, is employed
to provide a fully reflective layer. Finally, a layer of glue 52
is placed on the fully reflective layer, and a blank 0.6-mm
substrate 54 is glued on to form the second half of the
finished disc. (Although reference is made herein to using
“glue” to bond the two substrates to each other, in actual
practice the two standard gluing techniques involve use of a
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hot melt or a UV resin. Also, after the bonding, a label can
be printed in known manner.) The finished disc is “Single
Side” because it is read from only one side, as shown by the
diagrammatic laser beams 56a and 56b. It is “Dual Layer”
because there are two information layers that are read from
the single reading side.

A DVD-14 disc has two substrates, one a single layer
(FIG. 1) and one a dual layer. As described above, the dual
layer half is made today by the 2P process because the
alternative dual-layer technique of FIG. 2 requires one layer
in each of the two substrates, and were the second layer
placed in the other substrate, then this substrate would have
two layers and would have to be made using the 2P process.
(A DVD-14 disc has a total of three information layers, so
one of the two substrates must have two layers.) FIG. 4
shows a DVD-18 disc, where each substrate has two layers.
It is apparent that each substrate must be made using the 2P
or a comparable process that requires a stamping operation.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

The method of my invention, for making a 3-layer or
4-layer two-sided disc (DVD-14 or DVD-18) using injection
molding equipment without requiring additional stamping
equipment, is easily understood by considering the finished
disc 60 itself, shown in FIG. 5. The basic idea is to make two
outer substrates 62, 64, each with a semireflective
(preferably, gold) metallic pit-and-land information layer
66, 68 in the usual way—with injection molding and sput-
tering equipment. (See FIG. 1.) The middle substrate 70 is
similarly made in injection molding equipment with pit-and-
land information layers on both surfaces, and fully reflective
(preferably, aluminum) metallic layers 72, 74 are sputtered
on the two surfaces. Conventional injection molding equip-
ment can be used. All that is required is that the molds of the
molding machine accommodate two stampers, one for each
of the two information layers. One stamper is placed on the
stationary side of the mold, and the other is placed on the
movable side. The three substrates are then bonded together
as a sandwich with space layers 76, 78 separating them. The
same space-layer “glue” used in the prior art for bonding two
discs can be used for bonding the three of my invention.

Each outer surface of the finished DVD-18 disc (DVD-14
if one of the information layers has no information) is a
“read side”, as indicated in FIG. 5, because two layers can
be read by light passing through it, in the same way shown
in FIG. 4. The substrates 62, 64 are made of the usual
material, polycarbonate, because these substrates have to
pass light and have the expected properties of a DVD disc.
The middle, dual-information substrate, however, does not
pass light since both of its outer surfaces fully reflect light.
Therefore, the material of which the middle substrate 70 is
made need not have any special optical properties.

Although not shown in the drawing, the usual protective
coatings may be applied as the last step in the making the
disc.

The outer substrates cannot be arbitrarily thin because
they serve to focus impinging light onto the information
layers and they therefore must satisfy the DVD specifica-
tions. They therefore should have a thickness of approxi-
mately 0.550 mm each. The thickness of the middle sub-
strate is determined by the minimum thickness that provides
structural integrity, approximately 0.300 mm in the illustra-
tive embodiment of the invention. (Such a thin substrate
exhibits birefringence, but it is of no moment since light
never passes through the middle substrate.) The reflective
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layers have negligible thickness as in the prior art, and each
space layer has a thickness of 0.050 mm. The total thickness
of the finished disc is thus 1.5 mm, the upper limit for
thickness of a DVD disc.

Although the invention has been described with reference
to a particular embodiment, it is to be understood that this
embodiment is merely illustrative of the application of the
principles of the invention. Numerous modifications may be
made therein and other arrangements may be devised with-
out departing from the spirit and scope of the invention.

What I claim is:

1. A DVD disc sandwich structure having four informa-
tion layers comprising of first outer molded polycarbonate
substrate of a thickness approximately 0.550 mm having an
inwardly facing first data layer with a first semi-reflective
coating, a second outer molded polycarbonate substrate of a
thickness of approximately 0.0550 mm having an inwardly
facing second data layer with a second semi-reflective
coating, and a third middle molded substrate bonded to the
first and second outer molded substrates and having a pair of
opposed data layers with fully reflective coatings.

2. A DVD disc sandwich structure in accordance with
claim 1 wherein said third middle molded substrate has a
thickness of approximately 0.300 mm.

3. A DVD disc sandwich structure in accordance with
claim 1 wherein said semireflective coatings are sputtered
gold and said fully reflective coatings are sputtered alumi-
num.

4. A DVD disc sandwich structure in accordance with
claim 1 wherein each of said first and second outer molded
substrates has optical properties that satisfy DVD specifi-
cations.

5. A DVD disc sandwich structure in accordance with
claim 4 wherein said third middle molded substrate is
sufficiently thin that the sandwich is no thicker than 1.5 mm.

6. A disc sandwich structure having at least three infor-
mation layers comprising first and second outer molded
polycarbonate substrates each having a thickness of approxi-
mately 0.550 mm, at least one of which has an inwardly
facing data layer with a semi-reflective coating, and a third
middle molded substrate bonded to the first and second outer
molded substrates and having a pair of opposed data layers
with fully reflective coatings.

7. A disc sandwich structure in accordance with claim 1
wherein said third middle molded substrate has a thickness
of approximately 0.300 mm.

8. A disc sandwich structure in accordance with claim 6
wherein said at least one semireflective coating is sputtered
gold and said fully reflective coatings are sputtered alumi-
num.

9. A disc sandwich structure in accordance with claim 6
wherein each of said first and second outer molded sub-
strates has optical properties that satisfy DVD specifications.

10. A disc sandwich structure in accordance with claim 9
wherein said third middle molded substrate is sufficiently
thin that the sandwich is no thicker than 1.5 mm.

11. ADVD disc sandwich structure having four informa-
tion layers comprising a first outer molded substrate having
optical properties that satisfy DVD specifications and an
inwardly facing first data layer with a first semi-reflective
coating, a second outer molded substrate having optical
properties that satisfy DVD specifications and an inwardly
facing second data layer with a second semi-reflective
coating, and a third middle molded substrate bonded to said
to the first and second outer molded substrates having a pair
of opposed date layers with fully reflective coatings such
that said sandwich is no thicker than 1.5 mm due to the third
middle molded substrate being sufficiently thin.
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12. A DVD disc sandwich structure in accordance with
claim 11 wherein said first and second outer molded sub-
strates are made of polycarbonate and each has a thickness
of approximately 0.550 mm.

13. A DVD disc sandwich structure in accordance with
claim 12 wherein said third middle molded substrate has a
thickness of approximately 0.300 mm.

14. A DVD disc sandwich structure in accordance with
claim 11 wherein said semi-reflective coatings are sputtered
gold and said fully reflective coatings are sputtered alumi-
num.

15. A disc sandwich structure having at least three infor-
mation layers comprising first and second outer molded
substrates having optical properties that satisfy DVD speci-
fications with at least one having an inwardly facing data
layer with a semireflective coating, and a third middle
molded substrate bonded to the first and second outer
molded substrate and having a pair of opposed data layers
with fully reflective coatings such that said sandwich is no
thicker than 1.5 mm due to the middle molded substrate
being sufficiently thin.

16. A disc sandwich structure in accordance with claim 15
wherein said first and second outer molded substrates are
made of polycarbonate and each has a thickness of approxi-
mately 0.550 mm.

17. A disc sandwich structure in accordance with claim 16
wherein said third middle molded substrate has a thickness
of approximately 0.300 mm.

18. A disc sandwich structure in accordance with claim 17
wherein said at least one semi-reflective coating is sputtered
gold and said fully reflective coatings are sputtered alumi-
num.

19. A method of making a four-layer DVD-14 or DVD-18
disc comprising the steps of:

(a) molding a first polycarbonate substrate having a
thickness of approximately 0.550 mm to have a first
data layer and coating said first data layer with a first
semi-reflective coating to form a first substrate
structure,

(b) molding a second polycarbonate substrate having a
thickness of approximately 0.550 mm to have a second
data layer and coating said second data layer with a
second semi-reflective coating to form a second sub-
strate structure,

(¢) molding a third substrate to have third and fourth
opposed data layers, and coating said third and fourth
data layers with third and fourth fully reflective coat-
ings to form a third substrate structure, and

(d) forming a sandwich of said first, second and third
substrate structures by bonding said first semi-
reflective coating to said third fully reflective coating,
and bonding said second semi-reflective coating to said
fourth fully reflective coating.

20. A method of making a four-layer disc in accordance
with claim 19 wherein said third substrate has a thickness of
approximately 0.300 mm.

21. A method of making a four-layer disc in accordance
with claim 19 wherein said semireflective coatings are
sputtered gold and said fully reflective coatings are sputtered
aluminum.

22. A method of making a four-layer disc in accordance
with claim 19 wherein each of said first and second sub-
strates has optical properties that satisfy DVD specifications.

23. A method of making a four-layer disc in accordance
with claim 22 wherein said third substrate is sufficiently thin
that the sandwich is no thicker than 1.5 mm.

24. A method of making a four-layer optical disc com-
prising the steps of:
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(2) molding two polycarbonate substrates each with a
thickness of approximately 0.550 mm, at least one of
which has a data layer which is given a semi-reflective
coating, to form two substrate strictures,

(b) molding a third substrate to have two data layers on
opposite faces thereof both of which are given fully
reflective coatings to form a third substrate structure,
and

(c) forming a sandwich of said substrate structures by
bonding said third substrate structure between the other
two.

25. A method of making a four-layer disc in accordance
with claim 24 wherein said third substrate has a thickness of
approximately 0.300 mm.

26. A method of making a four-layer disc in accordance
with claim 24 wherein the semireflective coating on said at
least one substrate is sputtered gold and the fully reflective
coatings on said third substrate are sputtered aluminum.

27. A method of making a four-layer disc in accordance
with claim 24 wherein each of said two substrates has optical
properties that satisfy DVD specifications.

28. A method of making a four-layer disc in accordance
with claim 27 wherein said third substrate is sufficiently thin
that the sandwich is no thicker than 1.5 mm.

29. Amethod of making a four-layer DVD-14 or DVD-18
disc comprising of the steps of:

() molding a first substrate having optical properties that
satisfy DVD specifications in order to have a first data
layer and coating said first data layer with a first
semi-reflective coating to form a first substrate
structure,

(b) molding a second substrate having optical properties
that satisfy DVD specifications in order to have a
second data layer and coating said second data layer
with a second semi-reflective coating to form a second
substrate structure,

(¢) molding a third substrate to have third and forth
opposed data layers, and coating said third and fourth
data layers with third and fourth fully reflective coat-
ings to form a third substrate structure, and

(d) forming a sandwich of said first, second and third
substrate structures that is no thicker than 1.5 mm due
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to said third substrate being sufficiently thin by bonding
said first semi-reflective coating to said third fully
reflective coating, and bonding said second semi-
reflective coating to said fourth fully reflective coating.

30. A method of making a four-layer disc in accordance
with claim 29 wherein said first and second substrates are
molded of polycarbonate and each has a thickness of
approximately 0.550 mm.

31. A method of making a four-layer disc in accordance
with claim 30 wherein said third substrate has a thickness of
approximately 0.300 mm.

32. A method of making a four-layer disc in accordance
with claim 29 wherein said semi-reflective coatings are
sputtered gold and said fully reflective coatings are sputtered
aluminum.

33. A method of making a four-layer optical disc com-
prising the steps of:

(a) molding two substrates having optical properties that
satisfy DVD specifications, at least one of which has a
data layer which is given a semi-reflective coating, to
form two substrate structures,

(b) molding a third substrate to have two data layers on
opposed faces thereof both of which are given fully
reflective coatings to form a third substrate structure,
and

(c) forming a sandwich of said substrate structures that is
no thicker than 1.5 mm due to set third substrate being
sufficiently thin by bonding said third substrate struc-
ture between the other two.

34. A method of making a four-layer disc in accordance
with claim 33 wherein said first and second substrates are
molded of polycarbonate and each has a thickness of
approximately 0.550 mm.

35. A method of making a four-layer disc in accordance
with claim 34 wherein said third substrate has a thickness of
approximately 0.300 mm.

36. A method of making a four-layer disc in accordance
with claim 33 wherein the semi-reflective coating on said at
least one substrate is sputtered gold and the fully reflective
coatings on said third substrate are sputtered aluminum.
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